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, , 1808 Poisson1
:
$u^{*}=f[x^{*}-(c_{0}+u^{*})t^{*}]$ (1)
, $c_{0}$ , $u^{*}$ $x^{*}$ , $f(x^{*})$ $t^{*}=0$




Earnshaw3 , (1) $f$ $u^{*}$




. , , ,
. ( )
, , (nonlinear acoustics) .
, $M$ :
$M\equiv u_{0}/c_{0}$ ( $u_{0}$ : ) (2)
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– , [$M=O(1)|$
, ,
. , , 5
, $M=O(1)$
6 ,
. , , $N$ ,7
,8 ,9
10 . , ,
.
,









$x^{*}=0$ , $t^{*}=0$ , $a$ , $\omega$
,
( 1 ). , $M$ $(M\neq 0)$ , $Re$
$Re\equiv(\gamma+1)c_{0}a/\delta$ :($\gamma$ : , $\delta$ : ) (4)
1 , ,
, . , ,
. , (3)
$O(M)$ – , $M=O(1)$
, .






( – ) , ,
, , .
108
, ($M\ll 1$ $Re\gg 1$ ) ,
, ,








$t=\omega t^{*}$ , $x=\omega x^{*}/c_{0}$ , $u=u^{*}/c_{0}$ , $\rho=\rho^{*}/\rho_{0}$ , $p=p^{*}/\rho 0c_{0}^{2}$ (5)
, $u^{*}$ $x^{*}$ , $\rho^{*}$ , $p^{*}$ ,
. $Re\gg 1$ ,
. ,
, – (simple wave)
. $x=MX(t)$ , – , $\mu$ ,
$u=Mx’(\mu)$ , $y-\mu+Mx(\mu)+\beta M(t-\mu)x’(\mu)=0$ $( \beta\equiv\frac{\gamma+1}{2})$ (6)
6 , $y=t-x$ , , ’ .
$u$ $p$ $\rho$ . , –
, , (Euler )
. , , $O(M^{3})$ ,
, (6) , Rankine-Hugoniot




$v(\xi)=X’(\xi)+Mx(\xi)x’’(\xi)$ , $\xi=y+\sigma x’(\xi)+M\sigma x(\xi)x\prime\prime(\xi)-\beta M\sigma[X’(\xi)]^{2}$ (7)
. , $\xi$ , $v\equiv u/M,$ $\sigma\equiv\beta Mx$ .
(7) , $M$ ,
. (7) , $X(t)=\mathrm{c}\circ \mathrm{s}t-1(M=0.2)$
109
$2(\mathrm{a})$ . , ( – )
, – – .
2.3
$\sigma$ $y=y\mathrm{s}(\sigma)$ , $V_{\mathrm{S}}=dy\mathrm{s}(\sigma)/d\sigma$ [ $V_{\mathrm{S}}$ $(y, \sigma)$
“ ” ]. Rankine-Hugoniot ,
$(M\ll 1)$ ,
$V_{\mathrm{S}}=- \frac{1}{2}[v(\xi_{1})+v(\xi_{2})]+\frac{1}{8}\beta M([v(\xi_{1})]^{2}+6v(\xi_{1})v(\xi_{2})+[v(\xi_{2})]^{2})+O(M^{2})$ (8)
13
$y\mathrm{s}$ , $\xi_{1}$ $\xi_{2}$ ,
$\xi_{\alpha}=y\mathrm{s}+\sigma X’(\xi\alpha)+M\sigma x(\xi\alpha)X\prime l(\xi_{\alpha})-\beta M\sigma 1^{X^{l}(\xi\alpha})]2$ $(\alpha=1,2)$ (9)
[(7) ]. (9) , (8) $\xi_{1}$ $\xi_{2}$
, $y\mathrm{s}$ .
, $y_{\mathrm{S}}$ $\sigma$




$( \overline{\rho u} \equiv(1/2\pi)\int_{\ell-}^{t}2\pi\rho udt)$
$\overline{\rho u}=-\frac{M}{2\pi}[X(\xi)-\frac{\sigma}{2}[x’(\xi)]^{2]-}\epsilon_{1}\xi 2\frac{M^{2}}{2\pi}[X(\xi)x’(\xi)+\frac{\gamma\sigma}{3}[x’(\xi)]3-\sigma x(\xi)x’(\xi)X’’(\xi)]\epsilon 1\xi_{2}$ (10)
. , (10) , (8)(9)
$\xi_{1}$ $\xi_{2}$ , . ,
$\xi_{1}=\xi_{2}$ , $\overline{\rho u}=0$ ( 6).
3 . . ( ) ,
(7) (8)(9) $\xi_{1}$ $\xi_{2}$ $\sigma$ .
25
3 ,
. , $\sigma$ , (7)$-(9)$ ( )
, . , ,
,
11 , [$(\rho,pu)\sim\sim,\sim$ ]
, [ $(^{\wedge\wedge}\rho,p^{\wedge},u)$ ] ( , $\rho=\rho+\rho p\sim\wedge,\sim=p+p\wedge$,
110
$u=u\sim+u)\wedge$ . , , :
$\rho(\wedge x, t)=-A[\sum_{i=1}^{n}[u_{2}(z^{(})-u(\sim(i)i)\sim(i)(z:))1]s+\sum_{=i1}[\overline{u}(W^{()}:)-u_{1}(\sim i)W(i))]^{3}]m2(i)($
$-B \sum_{i=1}^{n}[u_{2}(X)-u((1X)]^{\mathrm{a}}\sim(i)\sim i)$ (11)
( 11) , $A=(5-3\gamma)(\gamma+1)/192$
$B=(\gamma^{2}-1)/12$ , (i) $i$
, $Z^{(i)}$ $(x, t)$ $t+x=\mathrm{c}\circ \mathrm{n}\mathrm{S}\mathrm{t}$ . $i$
$t=t_{\mathrm{S}}^{(i)}(x)$
$x$ , $n$ $(x, t)$
. , $W^{(i)}$ , $(x, t)$
$t-x=\mathrm{C}\circ \mathrm{n}\mathrm{s}\mathrm{t}$ . $x=0$ $t+x=t^{()}(\mathrm{S}Wi(i))+W^{()}i$
, $m$ $t=t_{\mathrm{s}^{i}}^{()\cdot)}(W^{(f})+W^{(i)}$ $i$ . –
, ,
.
(11) , 4 . $\gamma=1.4$
, $B=8/100$ , $A=$ 1/100 ,
. ,
$-$ , $t=2N\pi$ ( $N$ ) $\overline{\rho}+\rho\wedge$ $x$ $0$ $2N\pi$
( ) , 11
26
,










$\omega$ ( ) . , $0<M\ll 1$ ,
$\Omega\equiv L\omega/c_{0}$ $\pi$ $\langle$ , ,
, ,
111
( $\Omega=\pi$ – ).14-16




). $x^{*}$ , $x^{*}=0$ , $t^{*}=0$ , –
$a$ , $\omega$ , $x^{*}$ ( 5 ).
, .
:
$\frac{\partial\rho}{\partial t}+\frac{\partial(\rho u)}{\partial x}+\frac{\partial(\rho v)}{\partial y}=0$ (12)
$\frac{\partial(\rho u)}{\partial t}+\frac{\partial(p+\rho u^{2})}{\partial x}+\frac{\partial(\rho uv)}{\partial y}=0$ (13)
$\frac{\partial(\rho v)}{\partial t}+\frac{\partial(\rho uv)}{\partial x}+\frac{\partial(p+\rho v^{2})}{\partial y}=0$ (14)
$\frac{\partial E_{t}}{\partial t}+\frac{\partial[(E_{t}+p)u]}{\partial x}+\frac{\partial[(E_{t}+p)v]}{\partial y}=0$ (15)
:
$h \equiv x-M(\cos t-1)\cos\frac{\pi y}{\Omega}=0$ $\frac{Dh}{Dt}=0$ (16)
$y=0,$ $\Omega$ $v=0$ (17)
$\text{ _{}(}t=0)$ :
$u=v=0$ , $p=1/\gamma$ , $\rho=1$ (18)
, $x=\omega x^{*}/c_{0}$ $y=\omega y^{*}/c_{0}$ , $t=\omega t^{*}$ , $u=u^{*}/c_{0}$ $v=$
$v^{*}/c_{0}$ $x$ $y$ , $\rho=\rho^{*}/\rho 0$ , $p=p^{*}/\gamma p0$
, $E_{t}=(1/2)\rho(u^{2}+v^{2})+p/(\gamma-1)$
. .
$Marrow \mathrm{O}$ . $Re\gg 1$ ,
$\mathrm{r}$
$/1/-l\backslash$ 1 $r$ $-..\backslash$ $-*\cdot \mathrm{c}\tau$
$\frac{p-(1/\gamma)}{M}=-\frac{1}{2\kappa}[\sin(t-\mathcal{K}x-\frac{\pi y}{\Omega})+\sin(t-\kappa x+\frac{\pi y}{\Omega})]$
$+ \cos\frac{\pi y}{\Omega}\int_{t}^{\infty}\cos(t-\mathcal{T})J_{0}(\frac{\pi}{\Omega}\sqrt{\tau^{2}-x^{2}})d\mathcal{T}$ (19)
. , $\kappa=\sqrt{1-(\pi}/\Omega)^{2}$ . $tarrow\infty$






6 , $M=0.2,$ $\Omega=4\pi$ $t=30\pi$ $x$ .
,-
. ,
( ) . ,
( ) . .
,
, ( ) . $7(\mathrm{a})(\mathrm{b})$ ,





$8(\mathrm{a})(\mathrm{b})$ , , ,
















(3) $M$ $(M\leq 0.1)$ , . $M$
$(M\approx 0.2)$ , . ,
$(x\approx 30\pi)$ , , , .
(4) , ( ) .
113
(5) . , ,
, “ ” .
(6) ( ) , ,
( ).
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2. . (a): . , –











Souna bource $1I$uwer vvau
5. – ( ).
[(19) ]. $\varphi=\pi-\arctan(\Omega\kappa/\pi)$ $x$ .
6. $x$ $u$ . $(M=0.2, \Omega=4\prime T, \gamma=1.4, t=30\pi)$ .
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9. . $(M=0.2, \Omega=4\pi, \gamma=1.4, t=30\overline{\prime}\Gamma)$
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